To investigate the therapeutic effect of cranial electrotherapy stimulation (CES) with sleep hygiene in patients with chronic insomnia. Methods: This study was designed as a prospective, doubleblinded, and randomized controlled trial. Twenty-seven patients with chronic insomnia were recruited and randomly allocated to two groups; cranial microcurrent therapy (MC) group and sham group. All patients received sleep hygiene education. Pittsburgh Sleep Quality Index (PSQI) and Insomnia Severity Index (ISI) were measured at baseline (pre-treatment), and 2 weeks and 4 weeks of treatment. Results: In MC group, the PSQI and ISI showed a tendency to decrease consistently until 4 weeks of treatment. In sham group, PSQI and ISI initially decreased during the first 2 weeks, but it increased after 2 weeks of treatment. Conclusions: This study showed that combination treatment of CES and sleep hygiene is more effective in treating chronic insomnia than sleep hygiene only as demonstrated by improvement and maintenance of sleep score for 1 month.
Introduction
Chronic insomnia is a crucial problem which affects the quality of life and health status. It is no longer just an extension of psychiatric disease in that increasing evidence supports that chronic insomnia is associated with medical problems such as increased cardiovascular risks. 1, 2 Cognitive behavioral therapy for insomnia (CBT-I) and pharmacotherapy are the main treatment option for the chronic insomnia. The CBT-I is usually recommended and preferred as first-line therapy due to its low side effects and better outcomes over pharmacotherapy. 3 Despite the efforts to treat the disorder, chronic insomnia is still considered to be a persistent condition due to its variable remission rates and high recurrence rates even after remission. 4, 5 Cranial electrotherapy stimulation (CES) is a novel attempt to treat the chronic insomnia. It is one of the methods of brain stimulation using low-intensity electrical currents. 6 Usually, the electrodes are placed at the structures of the head, such as earlobes, mastoids, or temples. The low-voltage microcurrents less than or near 2 mA are given through the electrodes. There are two major forms in the CES: transcranial direct current stimulation (tDCS) and cranial alternating current (AC) stimulation. According to recent studies about the mechanism of CES, tDCS is known to change the cortical excitability by its polarizing effects on the brain tissue. The AC stimulation is believed to make its effects on the brain by changing the electrochemical responses of the synapse and neural networks. 7 Both methods are expected to modulate the brain activity, especially the psychophysiological status including chronic insomnia.
Many studies adopted CES for the treatment of depression, anxiety, chronic pain and insomnia. 8 The early studies in 1900s found that CES induced the subject to sleepy state which made it initially called "electrosleep, " or "electronarcosis. " 9 Gilula and Kirsh, in 2005, found that CES was proved to be efficacious for relieving the symptom of depression in 81% of the previous studies. 10 Our study was aimed to investigate the therapeutic effect of cranial microcurrent therapy (MC) with sleep hygiene in patients with chronic insomnia.
Methods

Study design
This study used a prospective, randomized, double blinded, sham-controlled design and was performed at Daegu Catholic University Medical Center (DCUMC), Daegu, South Korea, from December 2016 to October 2017. The study was approved by the Institutional Review Board (IRB, MDCR-16-013) of DCUMC. Written informed consent was obtained from each participant. There were 34 patients initially screened and enrolled for the study. But 7 patients were finally excluded because they refused to participate in the trial in their second visit. Finally, twenty-seven eligible participants were randomly divided into 2 groups (real microcurrent group and sham microcurrent group) at a 1:1 allocation ratio. Outcome assessment and data analysis were performed by 2 physicians who were blinded to group allocation.
Participants
The subjects were patients over 18 years of age who had been diagnosed as chronic insomnia according to the International Classification of Sleep Disorders-Third Edition criteria. The patients with severe medical problems (severe cardiac, pulmonary, hepatic or renal problems) were initially excluded. And the patients who were being treated or had been treated with the psychiatric disorder were also excluded. Patients with following factors were additionally excluded; history of using medications that affects sleep 2 weeks before the study, hypersensitive reaction to ear-clip electrode, ineligibility as determined by a physician, refusal to participate in the trial or to provide informed consent, or an inability to comprehend or express oneself in the Korean language.
Randomization
Participants were randomized using a computerized random number generator by a professional statistician blinded to participant assignment in accordance with the Consolidated Standards of Reporting Trials statement. Block randomization was performed once the participants were confirmed to be eligible, and their written informed consent had been obtained. Participants were randomly assigned to the real microcurrent group or the sham microcurrent group. The partic-ipants, outcome assessors, and data analyst were masked to the allocation.
Interventions
We applied real or sham microcurrent electrical stimulation for 1 hour for 4 weeks. All treatment was given via electrodes clipped to the ear lobes, as illustrated in Fig. 1 . The application points were established based on previous report. 11 The microcurrent generator (Cosmic Co., Seoul, Korea) was a portable handheld device that provides output through 2 channels. It was programmed to provide an AC characterized by a monophasic rectangular pulse format, with polarity reversal every three seconds. The frequency was 8 Hz and the intensity was 25 μA. This level of current intensity was significantly below the human's threshold of sensation. The appearance of the sham microcurrent stimulator was identical to the real stimulator, but there was no electrical current, even when it was operational. All ear clip electrodes had a number marked on them, identifying each as real or sham treating, and the code was kept in a sealed envelope away from the study site.
The sleep hygiene education was performed separately for each participant at the time of enrollment. The following contents were instructed by the educated nurse with print materials and explanation; balanced eating habits, relaxing and comfort sleep environment, avoidance of substances (hypnotics, caffeine, alcohol and tobacco), avoidance of light exposure or television before bedtime, regular exercise. The participants, the staff, and the examining physician remained blind to the treatment conditions. After the study, the staff opened the code envelope and separated the patient evaluation forms into treatment and sham treatment. The statistician who evaluated the final study results remained blind to the treatment conditions.
Outcome measurements
All outcomes were measured at baseline (pre-treatment), 2 weeks post-treatment, and 4 weeks post-treatment. Body composition was measured at baseline and the details of adverse events were recorded throughout the trial.
Pittsburgh Sleep Quality Index and Insomnia Severity Index
The Pittsburgh Sleep Quality Index (PSQI) is a widely used tool for assessing subjective sleep quality. It is composed of 18 questions about quality, latency, duration, efficiency and disturbances of sleep, use of sleep medication, and daytime dysfunction. The questions are very easy to complete which takes 5 to 10 minutes and the score more than 5 suggests poor sleep quality. 12 This study used the PSQI of Korean version which had been previously proved in reliability and validity. 13 The Insomnia Severity Index (ISI) is a brief questionnaire reflecting the individual's perception about insomnia. It is composed of 7 questions assessing the difficulties of sleep onset and maintenance, satisfaction and concern about sleep pattern, difficulties in daytime function and noticeability of impairment in daily activity from sleep problems. The score from 7 to 14 suggests subthreshold insomnia and more than 15 suggests clinical insomnia. 14 The study also used Korean version of ISI for outcome measurements. 15 
Statistical analysis
We estimated the sample size from the results of previous study. 16 To detect this difference in a randomized controlled trial using an independent t-test with an alpha of 0.05, a power of 80%, and a 10% dropout rate, the suggested sample size was 15 subjects per group. Within-group changes were analyzed with a repeated measures analysis of variance. Intergroup differences were analyzed using the independent t-test. All variables with a p<0.05 were considered statistically significant. Statistical Package for the Social Sciences (SPSS) software 14.0 (SPSS Inc., Chicago, IL, USA) was used to conduct data analysis.
Results
A total of twenty-seven patients with age 44-78 years old participated in the study. The baseline PSQI and ISI score showed no statistically significant difference between the MC group and the sham group. The baseline characteristics of the participants are described in Table 1 . In sham group, the PSQI significantly decreased until 2 weeks of treatment (p<0.01) (Table 2, Fig. 2 ). After 2 weeks of treatment, however, the PSQI increased. In MC group, the PSQI significantly decreased until 4 weeks of treatment (p<0.01). The change of PSQI in MC group was smaller than that in sham group between baseline and 2 weeks of treatment (p=0.018), and greater than that in sham group between 2 weeks and 4 weeks of treatment (p=0.030).
In sham group, the ISI significantly decreased until 2 weeks of treatment (p<0.01). After 2 weeks of treatment, however, the ISI was not decreased. In MC group, the ISI significantly decreased until 4 weeks of treatment (p<0.01). The change of ISI in MC group was greater than that in sham group be- 
Discussion
This is a randomized, double blinded and sham-controlled study to evaluate the effect of CES on subjective sleep quality in chronic insomnia patient. We found that CES-applied group showed consistently decreasing pattern of PSQI and ISI compared to that of sham group. The PSQI and ISI scores of both MC and sham group were decreased finally at 4 weeks compared to the baseline value. The difference between the two group was prominent in the period of 2-4 week. The PSQI and ISI scores of the MC group were still decreasing in the period of 2-4 week, while those of the sham group started increasing.
The mechanism how the CES made consistent effect for the MC group compared to sham group is not clearly understood. The evidence from the previous studies suggest that CES is somewhat effective for treating insomnia. A study by Lande and Gragnani demonstrated that CES was effective in increasing total sleep time. 17 The study used a CES called "Alpha-stim" by Electromedical Products International, Inc. (Mineral Wells, TX, USA) for the military person with chronic insomnia. 17 One of the early studies in 1970s was about investigating the effect of CES using electroencephalography. It revealed that CES treated group showed shortened sleep latency and the effect remained after 2 year of follow-up period. 18 CES is useful not only in the aspect of effect but also in safety. The adverse effect of CES is reported to be less than 1% in human studies. The known adverse effects related to CES are vertigo, skin irritation due to electrodes, and headache. They are usually associated with too high currents for the individual and expected to subside by adjusting it. 19 Vivid dream in patients with post-traumatic stress disorder is also reported. 20 No adverse effects occurred in our study, which proves CES as a safe method.
Many of the previous studies were conducted with a specific population such as military person, cancer patients or severe depression. 17, 21, 22 Our study excluded the patient with severe medical or psychiatric illness which made the effect of CES on sleep to be revealed more clearly.
Our study has several limitations. First, the short follow up period and small sample size. There was a change in tendency by 2 weeks in our results. A longer follow up period and larger sample size would have shown marked tendency of decrement or increment. Second, lack of consideration of objective sleep data. The endpoint of the study was the subjective sleep scales by individuals, not an objective data such as total sleep time or sleep latency. Considering these factors would make the future studies to have more level of completion.
In conclusion, this study suggests that a combination treatment of CES and sleep hygiene is more effective in treating chronic insomnia than a treatment only with sleep hygiene. We expect the CES to be an effective adjuvant therapy for treating chronic insomnia.
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